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ABSTRACT 

We have assembled a sample of 115 galaxy clusters at 0.1 < z < 1.3 with archived Chandra ACIS- 
I observations. We present X-ray images of the clusters and make available region files containing 
contours of the smoothed X-ray emission. The structural properties of the clusters were investigated 
and we found a significant absence of relaxed clusters (as determined by centroid shift measurements) 
at z > 0.5. The slope of the surface brightness profiles at large radii were steeper on average by 15% 
than the slope obtained by fitting a simple /3-model to the emission. This slope was also found to 
be correlated with cluster temperature, with some indication that the correlation is weaker for the 
clusters at z > 0.5. We measured the mean metal abundance of the cluster gas as a function of redshift 
and found significant evolution, with the abundances dropping by 50% between z = 0.1 and z w 1. 
This evolution was still present (although less significant) when the cluster cores were excluded from 
the abundance measurements, indicating that the evolution is not solely due to the disappearance 
of relaxed, cool core clusters (which are known to have enhanced core metal abundances) from the 
population at z > 0.5. 

Subject headings: cosmology: observations - galaxies: clusters: general - galaxies: high-redshift galax- 
ies: clusters - intergalactic medium - X-rays: galaxies 



1. INTRODUCTION 

The study of galaxy clusters provides important in- 
sight into the formation of structure in the universe and 
allows tight constraints to be placed on cosmological pa- 
rameters. Observations at different wavelengths probe 
complementary aspects of clusters' properties. In optical 
bands, the properties of individual cluster galaxies are 
studied and the measurement of their velocities enable 
the estimation of the total binding gravitation al mass, 
via t he application of the virial theorem (e.g. IZwickvl 
1937). Observations at optical wavelengths also allow 
cluster m ass estimates via strong and weak lensing an al- 
yses (e.g. iLvnds k, Petrosian|[l989l : iTvson et al.l ll990). 

At longer wavelengths, radio observations of clusters 
have important applications. The inverse Compton scat- 
tering of cosmic microwave background photons by the 
energetic electrons in the intra-cluster medium (ICM) 
gives rise to the Sunyaev Zel'dovich effect (SZE; e.g. 
Birkinshaw 1999). Observations of this effect can be used 
to detect clusters and probe the properties of the ICM. 
Radio-emitting jets from active galactic nuclei (AGN) in- 
teract with the ICM, inflating cavities and driving shocks 
in the X-ray gas, and are like ly to have an important im- 
pact on ICM properties (e.g. iMcNamara et al.l l2000). 

The most sensitive measurements of the ICM prop- 
erties are currently made at X-ray wavelengths. The 
ionised gas of the ICM is the dominant baryonic compo- 
nent of galaxy clusters, and X-ray observations yield fun- 
damental properties of the ICM such as X-ray luminosity 
and temperature, and permit mass estimates (assuming 
the gas is in hydro static equilibr ium) even for clusters at 
high redshifts (see ISarazinlll986t for a review) . In the lo- 
cal universe it has been found that most (~ 2/3) clusters 
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host cool cores dPeres et al.l fl998: Vik hlinin et aT] [2006). 
The high gas densities in these core regions give rise 
to efficient radiative cooling with corresponding bright 
peaks in the X-ray emission and suppressed tempera- 
tures. Early models predicted that large amounts of gas 
should cool out of the ICM in this process, although 
the fate of t he condensing material was unknown (e.g. 
lFabian|[l994f h More recent XMM-Newton observations 
have found that the majority of the core gas does not 
cool out of the X-ray emitting regime, requiring some 
form of heating to regulate the process (|Peterson et al.1 
l2001h . AGN feedback is a strong candidate fo r pro- 
viding this energy input (e.g. iNulsen et al.l 12005). The 
gas cooling in cool cores is still significant however; core 
temperatures of ~ 30% of the global value are typical, 
with detectable cool i ng extending to ~ O. lS-Bsoo (e.g. 
iVikhlinin et"aT][2005l [Sanderson et al.ll2006h 2 . 

While cool cores are common features in relaxed sys- 
tems, clusters are observed in a variety of dynamical 
states, and X-ray observations allow cluster morphologies 
to be studied. Early work categorised cl usters into differ- 
ent c l asses based on their ap pearance pones fc Formanl 
119841 : Pones &: Formanl I1999I ). while more quantitative 
methods have been developed enabling cluster mor- 
pholgies to be correlated with oth er properties (e.g. 
iBuote fc Tsalll995l:[Mo"hr et al.lll993t) . Using such meth- 
ods, evidence has been fou nd that clusters ar e gener- 
ally less relaxed at z > 0.5 ( Jel tema et al.l [20051 ). X-ray 
imaging analysis has also been used recently to demon- 
strate that the fraction of cool core clusters in the pop- 
ulation drops from sa 65% locally to ~ 15% at z > 0.5 
(Vikh linin et al.ll2006l ). These two observational findings 
are consistent with the higher merger rates expected at 

2 R500 is the radius enclosing a mean overdensity of 500 with 
respect to the critical density at the cluster's redshift. 
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high-redshifts. 

Further insight into the ICM properties can be gained 
from the emission lines in the X-ray spectra of clus- 
ters. These are due to significant amounts of heavy ele- 
ments in the gas. The observed metal abundances are 
consistent with models of the enrichment of the ICM 
by supernoy ae based on observed star formation rates 
(lEttorill2005h . X -ray observations have enabled spatially 
resolved abundance measurements in clusters, showing 
sharply central peaks in cool-core clusters, and only 
mild abundance gradients i n non cool-core clusters (e.g. 
iDe Grandi &z Molen di 2001). Recent work has also found 
lower averag e ICM metal abund ances at high redshifts 
than locally (jBalestra et al.ll2006ft . 

The Chandra X-ray observatory, with its high spatial 
and spectral resolution, is well suited to the study of 
galaxy clusters. Imaging analyses and spatially resolved 
spectroscopy of the ICM can be performed without the 
complications of point source contamination and decon- 
volution of the telescope point spread function (PSF). 
An important contribution of Chandra to the study of 
galaxy clusters is its large public data archive. This en- 
ables the construction of large samples of clusters whose 
properties are determined in a consistent manner, allow- 
ing powerful statistical studies of cluster properties, their 
correlations, and their evolution. In this paper we present 
a catalogue of 115 galaxy clusters observed by Chandra. 
The construction of the sample and the data reduction 
methods are detailed in $2] and $3l Our image analy- 
sis and X-ray images of the clusters are presented in $4] 
and the spectral analysis and spectral properties of the 
clusters are given in $5j Notes on individual clusters are 
given in <|6] and the results are presented and discussed 
in g3 A ACDM cosmology of H = 70 km s" 1 Mpc -1 
(= lOO/i km s" 1 Mpc^ 1 ), and Q M = 0.3 (f2 A = 0.7) is 
adopted throughout and all errors are quoted at the 68% 
level. 

2. THE SAMPLE 

The sample was assembled from all publically available 
Chandra data as of November 2006. The positions of all 
Chandra pointings were correlated with the NASA/IPAC 
Extragalactic Database (NED), and observations with a 
galaxy cluster or group listed in NED within 10' of the 
Chandra aimpoint were kept. This list of observations 
was then refined by selecting only those for which the 
detector was ACIS-I, a galaxy group or cluster was the 
target of the observation, and the object had a published 
redshift greater than 0.1. No lower mass limit was ap- 
plied to the target objects, but the lower redshift cutoff 
and the choice of the ACIS-I detector limits the number 
of galaxy group size objects in the sample. This com- 
bination of detector and lower redshift cutoff was cho- 
sen to ensure that the cluster emission within the radius 
R500 (our measurement of -R500 is discussed in $5]) was 
within the field of view, allowing properties to be mea- 
sured to that radius without extrapolation. Quantita- 
tively, we required that > 50% of the area in the annulus 
(0.9- 1.0)i? 500 intersected with the active ACIS-I CCDs. 
All clusters at z > 0.1 met this requirement, with the ex- 
ception of PKS0745 - 191 (ObsID 6103) at z = 0.103, 
which was rejected from the sample accordingly. Obser- 
vations were then examined individually and rejected if 
insufficient useful data were left after lightcurve filter- 



FlG. 1. — Redshift histogram of the final sample. 

ing (described in if they were affected by low level 
background flares (identified by inspection of the spec- 
trum of the local background, as described in $5]), or 
if no significant extended emission was detected at the 
cluster position. The latter was the case for a few candi- 
date high-redshift clusters for which detections in earlier 
data (generally from ROSAT) were resolved into distinct 
point sources by Chandra. 

The final sample then consisted of 149 observations 
of 115 galaxy clusters. The individual observations are 
summarised in Table [TJ The clusters are listed in order 
of right ascension, and the positions given are the ICRS 
equatorial coordinates of the X-ray centroids. Column 2 
gives the Chandra observation identifier for each observa- 
tion and column 5 gives the redshift of each cluster (red- 
shifts are taken from NED or BAX, the X-Rays Clusters 
Database). In columns 6 and 7 the date of each observa- 
tion and corresponding "blank-sky" background period 3 
are given. Finally, column 8 lists the cleaned exposure 
time of each observation (the data cleaning process is de- 
scribed in Ej3j • The redshift histogram of the final sample 
is shown in Fig. [T] 

The clusters form a heterogeneous collection, having 
been observed for different purposes. Nearly half of the 
clusters (55) were observed in the guaranteed time ob- 
servations of Leon Van Speybroeck as part of a program 
to combine X-ray data with SZE obs ervations in order 
to pl ace constraints on Hq and J7m (jBonamente et all 
2006). One of the main goals in the current paper is to 
present a catalogue of the properties of this rich sam- 
ple of clusters. The standardised methods that were 
used to analyse the data ensure that the results pre- 
sented are self-consistent and can be duplicated in, for 
instance, comparative analyses of "mock observations" 
derived from numerical simulations. In follow-up papers 
we will investigate the X-ray scaling relations for this 
sample, including their evolution and scatter, and look 
in detail at clusters that deviate strongly from the trends 
measured for the sample as a whole. 

3. DATA REDUCTION 

Initially, the level 1 event files were reprocessed with 
the latest calibration (as of September 2006). If the fo- 
cal plane temperature of the observation was cooler than 

3 See http://cxc.harvard.edu/contrib/maxim/acisbg/ 
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— 118.5 °C then the charge-transfer inefficiency and time- 
dependent gain corrections were applied. For early ob- 
servations with warmer focal plane temperatures, only 
the standard gain correction was used. 

Background flare filtering was then performed with 
lc-dean in the 0.3— 12 keV band for data from the ACIS-I 
CCDs, excluding the target CCD and all sources detected 
in the standard Chandra X-ray centre pipeline process- 
ing. Lightcurves were cleaned by 3<r clipping and peri- 
ods with count rates > 20% above the mean rate were 
rejected. This is consistent with the cleaning applied 
to the blank-sky background datasets. The background 
dataset appropriate for the date of each observation was 
chosen, and if background period D was used, and the 
observation was taken in VFAINT telemetry mode, then 
the additional VFAINT cleaning procedure was applied 
to the source and background datasets 4 . 

Finally, if the observation was not taken in the same 
detector configuration as the background files (ACIS- 
01236), then CCDs other than ACIS-0123 were removed 
from both source and background datasets. Otherwise 
CCD 6 was left in both the source and background files. 

The use of blank-sky background data means that 
background data is available for the same detector re- 
gions as the source data. This eliminates systematic 
differences between the source and background data in 
both imaging and spectral analysis. However, the back- 
ground consists of a particle-induced component which 
dominates at > 2 keV and varies with time, and a soft 
Galactic X-ray component which varies spatially over the 
sky. The contributions of these components in the blank- 
sky background will be different from those in the source 
dataset. These differences are accounted for in the imag- 
ing and spectral analysis methods described below. 

An additional background dataset was produced for 
each observation to enable the subtraction of the ACIS 
readout artifact. While a CCD is being read out, source 
photons are still detected, creating a streak of source 
photons along the readout direction. The ratio of the 
readout time to the exposure time of one frame is 1.3%, 
so 1.3% of the source phot ons will be affected. F ollow- 
ing the method described bv lMarkevitch et alj (|2000D . we 
account for this effect by generating an additional back- 
ground dataset from the source dataset, with the photon 
CHIP-Y positions randomised and coordinates and en- 
ergies recalculated. This normalisation of this readout 
background is set to 1.3% of that of the source, and the 
blank-sky background normalisation is reduced accord- 
ingly. We note that the readout artifact was only signif- 
icant for the clusters with very bright central peaks in 
their surface brightness distribution, but this correction 
procedure was applied to all data for consistency. 

4. IMAGE ANALYSIS 

4.1. Image preparation 

Exposure maps were generated at an energy of 1.5 keV, 
chosen to correspond to the peak ACIS effective area. 
Point and extended sources in the fiel d were detected 
using the wavelet detection algorithm of Vikhlini n et al.l 
(1998). A broad band (0.3 - 7 keV) exposure-corrected 
image was used for point source detection, while the 
0.7 — 2 keV band was used for the detection of extended 

4 http : //asc . harvard . edu/ciao/threads/ aciscleanvf 



emission. The latter energy band was chosen to optimise 
signal to noise for typical cluster spectra and was used 
for all of the following imaging analysis. The centroid of 
the cluster emission was then located by refining its po- 
sition with 5 iterations within 150" and then 5 iterations 
within 50" centered on the previous centroid (with point 
sources masked out). The target coordinates for each 
observation were used as the starting point for the itera- 
tions. This centroid was then used to define the position 
of the cluster throughout the analysis. 

Extended sources that were detected as distinct sep- 
arate sources compared to the target cluster were ex- 
cluded, but any substructure that was detected in the 
cluster was left untouched. The division between sep- 
arate extended sources and cluster substructure is not 
always simple, and in many cases redshifts were not avail- 
able for different emission components. The thirteen 
clusters with excluded extended sources within -R500 (in 
projection) are noted in SjBJ 

Exposure-corrected radial profiles of the source and 
background images were then produced, with point 
sources excluded. An iterative process was followed to 
define the outer detection radius of the cluster emis- 
sion and correctly normalise the background image in 
the imaging energy band. We defined the detection ra- 
dius (rd ) as the outer radius of the last bin with a width 
between 5" and 150" in which emission was detected at 
> 0.5a. While this is a weak criterion for detection, our 
purpose here is to be conservative in defining a source- 
free region in each observation, and the detection radii 
were confirmed by visual inspection of the source and 
background radial profiles. In each step of the itera- 
tion, the detection radius was determined, and a back- 
ground scaling factor was defined as the ratio of source 
and background count rates in the imaging band, with 
the emission within rd excluded. The background image 
was renormalised by this factor, and a new detection ra- 
dius was computed. The process was repeated until rd 
converged to within 1%. This method provides a robust 
normalisation of the background in the imaging band, 
and definition of the background emission in the source 
image. 

The key assumption of this method is that some of the 
field of view is free of cluster emission. Visual inspection 
of the source and background radial profiles showed that 
this was the case even for the brightest clusters in the 
sample. 

If the cluster emission were not fully excluded in this 
process, then the remaining cluster emission would cause 
the soft background level to be overestimated. This 
would result in a correlation between the derived back- 
ground scaling and the cluster flux. This is plotted in 
Fig. [2 with the background scaling defined as the ratio 
of the source to blank-sky count rates in the background 
region in the imaging band (0.7 — 2 keV). The cluster 
fluxes were measured from the spectral analysis, using a 
different background correction (a scale factor derived at 
high energies; see $5]) and so should be independent of the 
soft background scaling factor used here. A Spearman's 
rank test gives a ~ la correlation between background 
scaling and flux. However, this can be caused by a se- 
lection effect whereby fainter clusters are preferentially 
observed in fields with lower soft X-ray background lev- 
els. 
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Fig. 2. — The 0.7 — 2 keV background scaling factor is plotted 
against cluster flux. The dotted line is the relation expected due to 
a selection effect of fainter clusters being prefferentially observed 
in low background fields. The clusters with very high scale factors 
are those in regions of high Galactic foreground emission. 



This was tested by correlating the cluster fluxes and 
background scaling factors with the 0.75 keV X-ray back- 
round flux measure d in the ROSAT all-sky survey 
Snowden et alj [i~997t ) in an annulus of 0.5 deg— 1 deg 
centered on each cluster. We found significant positive 
correlations between the soft X-ray background and both 
the cluster flux (at 93% probability) and our background 
scaling factor (99.99%). These two relations were then 
combined to predict the expected relation between back- 
ground scaling and cluster flux under the hypothesis that 
any relation between those two variables is only due to 
the association of fainter clusters with lower background 
regions. This predicted relation is plotted in Fig. [3] and 
reproduces the weak trend found in the data. When 
this artifical correlation is factored out, any remaining 
trend is extremely weak, placing a limit of < 1% on the 
level of contamination of the background region by clus- 
ter emission. Note also that the clusters with large scale 
factors (> 1.4) in Fig. [5] are those with very high lev- 
els of Galactic foreground emission, and are not affected 
residual cluster emission. This is illustrated in Sj5] and 
is corrected for in the imaging analysis by the simple 
scaling of the background image. 



4.2. Surface brightness modelling 

The background-subtracted, exposure-corrected X-ray 
surface brightness (Sx) profiles were then binned so that 
all radial bins were significant at the 3tr level and were 
fit with a simple one dimen sional (ID) /3-model of core 
radiu s r c and outer slope /3 ( Cavalie re fc Fusco-Femianol 
[1971), 



Sx(r) = S x (0) 1 + 




-3/3+1/2 



(1) 



Images of the clusters were then reduced in size to a 
square of side 4i? 50 o (-R500 is defined in ^5.ip centred on 
the cluster centroid and fit with a two-dimensional (2D) 
elliptical /3-model. The ellipticity of the model was de- 
fined as e = (1 — b/a), where a and b are the semi-major 
and -minor axes respectively. The background was mod- 
eled with a constant level, which was fit to the normalised 



background image. All models were convolved with an 
image of the telescope PSF generated for the detector 
position of each cluster centroid at an energy of 1.5 keV, 
and multiplied by the exposure map. 

It is well known that the /3-model is not gen- 
erally a good description of cluster surface bright- 
ness profiles, with additional components required to 
match the sharp surface brigh tness peaks found in 
the cores of man y clusters (e.g. iPratt fc Arnaudl l200l 
iJones fc Formanl Il984h and evide nce for steepening at 
large radii ( Vikhlinin et al.lll999f ). The model retains 
some appeal, however, as it is simple to deproject an- 
alytically to estimate the gas density distribution. As 
discussed in ^4.31 we use a more complex model to fit 
the cluster emission and derive gas density profiles. The 
/3-model is used solely to allow us to investigate the steep- 
ening of the profiles at large radii, and provide a first 
measurement of the cluster morphologies via their ellip- 
ticity. 

In order to measure the local surface brightness slope 
at -R500 (/35oo), the background-subtracted, exposure cor- 
rected profiles were grouped into logarithmic bins. A 
straight line was fit in log space to the data in the ra- 
dial range (0.7 < r < 1.3)i?soo giving the best fit slope 
and its uncertainty. This slope is independent of the core 
properties of the clusters. For 8 of the faintest clusters, 
the emission was not detected significantly at 1.3i?5oo, 
so /?5oo was not be measured for these clusters. The 
logarithmic slope is related to the slope of the standard 
/3-model by d\og(S x )/d\og(r) = 1-6/3 (for r » r c ). 
We thus defined (3^ as 

_l( dlo g (S x ) \ 

P500 — c 1 — n — rr~ • \ l ) 

6 ^ dlog(r) r=Rso J 

The same procedure was used to measure (3 mo d, the slope 
at -R500 of the ID /3-model that was fit to the entire 
profile. The measured ellipticities and surface-brightness 
profile slopes are are given in Table [2l 

4.3. Gas density profile 

The X-ray emissivity of the intra-cluster medium de- 
pends strongly on the gas density and only weakly on its 
temperature. This means that the observed projected 
emissivity profile can be used to accurately measure the 
gas density profile. For each annular bin in the surface 
brightness profile, the observed net count rate was cor- 
rected for area lost to chip gaps, bad pixels and excluded 
regions, and converted to an integrated emission mea- 
sure. The conversion factor was calculated for each bin 
assuming an absorbed MeKaL (lKaastra fc Mewdll993h 
plasma model folded through an ARF generated for that 
region, and an on-axis RMF. The absorption of the spec- 
tral model was set at the galactic value and the metal 
abundance was set at 0.3. As the data are not suffi- 
cient to allow temperature profiles to be measured for 
most of the clusters in the sample, the temperature of 
the spectral model in each radial bin wa s obtained from 
the m ean temperature profile found by Vikhlini n et al.l 
(2005), normalised to the global temperature measured 
for each cluster (see £|5.ip . As noted above, the depen- 
dence of the conversion from count rate to emission mea- 
sure on the assumed temperature is weak. The conver- 
sion factor decreases by ~ 15% when the model temper- 
ature is increased from 3 keV to 10 keV, with most of 
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the decrease occurring below ~ 4 keV. Our analysis was 
repeated assuming the cluster was isothermal for the pur- 
pose of deriving the emission measures, and the results 
were not significantly changed. 

The resulting profiles were fit with a mo dified version of 
the st andard ID /3-mode l as proposed by[V ikhlinin et alJ 
(|2006t herafter V06) (see lPratt & Arnaudll2002t for other 
variations on the /3-model); 

= (1+ ly r g)£l/ 2 x (1 + rVr?)-/?. (3) 

The first term modifies a /3-model to include a power- law 
cusp with slope a at r << r c . The second term allows a 
change of slope by e at radius r s (r s > r c ) across a tran- 
sition region whose width is controlled by 7. Following 
V06, 7 was fixed at 3 for all fits. In order to simplify the 
model slightly, so that it could be used to fit the range 
of high and lower quality data in the sample we ignore a 
second /3-model component included in the V06 models 
for some of their clusters. 

This model was then projected along the line of sight 
and fit to the observed projected emission measure pro- 
file. The effect of the small Chandra PSF was neglected 
in this analysis. There are strong correlations between 
the parameters in the emission measure model so the in- 
dividual parameters are not reported here. However, the 
gas masses derived from the best fitting models are given 
in Table [31 with uncertainties determined from Monte- 
Carlo randomisations of the observed emission measure 
profiles. 

4.4. Centroid shifts 

Various methods have been used to quantify the 
amount of substructure in cluster images. Power ratios 
derived from different moments of the surface brightness 
distribution have be en found to be a use ful diagnostic of 
cluster morphology (jBuote fc Tsailfl995h . Centroid shifts 
measured from the variation in separation between the 
peak and centroid of cluster emission with aperture size 
have similarly been used to measure cluster morphologies 
(e.g. iMohr et al.lll99l ICTHara et al.ll200l . iPoole et all 
(2006) used numerical simulation of cluster mergers to 
test the effectiveness of these methods and found that 
the centroid shift method was the most sensitive to the 
dynamical state of clusters and the least sensitive to noise 
in the cluster images. We thus adopt the centroid shift 
as our preferred statistic. 

Centroid s hifts w ere measured following the method of 
IPoole et alJ (|2006f) . The centroid of the cluster emission 
was determined in a series of circular apertures centred 
on the cluster X-ray peak. The radius of the apertures 
were decreased in steps of 5% from R 500 to O.O5.R500 and 
the centroid shift, (w), was defined as the standard devi- 
ation of the projected separations between the peak and 
centroid in units of i?5oo- To increase the sensitivity of 
this statistic to faint structure, the central 30 kpc was 
excluded for the centroid (but not the X-ray peak) mea- 
surements. The measured centroid shifts are summarised 
in Table [5] The errors quoted for the (w) are the sta- 
tistical uncertainties on a standard deviation calculated 
from n measurements ((w)/(2n — 2)). 

Centroid shifts were measured from exposure-corrected 
images in order to eliminate the effects of chip gaps, 



and vignetting. The high spatial resolution of Chandra 
means that point sources could be excluded without sig- 
nificantly biasing the measured centroid position. As the 
purpose of the statistic is to quantify substructure, all 
extended sources were left untouched. The redshifts of 
many of the extended sources detected around the tar- 
get clusters are unknown, so those sources known to be 
foreground or background objects were not excluded in 
order to treat all clusters consistently. In fact, as detailed 
in only 13 of the 115 clusters had distinct extended 
sources that are projected within -R500 of the cluster core 
and just one of those (V1701+6414) is known to be at a 
redshift different from the target cluster. 

4.5. Contour maps 

In order to examine the morphologies of the clusters, 
contour maps of the X-ray emission were generated using 
images that were adaptively smoothed to 3 a significance 
with the smoothing algorithm asmooth (|Ebeling et al.l 
2006, we modified the original algorithm slightly to in- 
clude exposure correction). The raw images were pro- 
duced in the 0.7 — 2.0 keV band and were binned by a 
factor of 2, giving approximately 1" pixels. The images 
were then cropped to a box 3 Mpc on a side centred on 
the cluster's X-ray centroid. To correct for vignetting, 
CCD gaps and exposure variations in combined obser- 
vations, exposure maps were provided to the smoothing 
algorithm. 

To enable the statistical significance of morphologi- 
cal features to be determined from the contour plots, 
we selected contour levels to bound regions that were 
detected at a significant level above the local emission 
The m ethodology is explained in detail in lMaughan et all 
(|2007f) . but briefly, the emission enclosed between a con- 
tour and the one above it is detected at > 3a significance 
(after exposure correction) with respect to the emission 
between the contour and the one below it. In the case 
of the lowest contour, the emission is detected at > 3a 
above the background emission in the same region (mea- 
sured in the blank-sky images) . Note that this contouring 
scheme means that contour levels cannot be interpreted 
in the same way as in standard contour plots; separate 
contours that are the same number of levels above the 
background are unlikely to correspond to the same flux 
level in the smoothed image. 

Fig. [3] shows example contour plots for a sample of the 
clusters. The plots for the full set of clusters arc available 
in the electronic version of this paper. In addition, for 
each cluster, a region file containing the contours is avail- 
able as online data 5 . The intention is that these provide 
a useful resource enabling contours of the X-ray emission 
to be easily overlaid on images obtained from other de- 
tectors. The region files also contain the flux levels of 
each contour to aid in their interpretation. 

5. SPECTRAL ANALYSIS 

In order to monitor the spectrum of the background 
emission in each observation, a spectrum was extracted 
from the source-free region and from the same region 
in the blank-sky background. These spectra were com- 
pared to test the validity of using the blank-sky back- 
ground spectrum for the analysis of that dataset. In or- 

5 http://cxc.harvard.edu/cda/Contrib/2007/MAUGl 
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Fig. 3. — X-ray images of the clusters in the 0.7 — 2 keV band. The images are 3 Mpc on a side and are overlaid with contours of the 
same emission adaptively smoothed to 3<r. The contour levels c; and c;+i are set so that the emission bounded by those levels is detected 
at a significance of > 3a above the emission between levels c;_i and c; (see text for details). 
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Fig. 4. — Blank-sky (grey) and local (black) background spectra 
are plotted for V1701+6414 (top) and for A1942 (bottom). The 
observation of V1701+6414 was affected by low level background 
flares, the effect of which can be seen in the elevated 2 — 7 keV con- 
tinuum. The blank sky backgrounds could not be used for spectral 
analysis here. The observation of A1942 is a more typical exam- 
ple where the blank-sky and local background spectra agree well 
except for the Galactic foreground emission at < 2 keV. 



der to account for differences in the particle-induced hard 
background, the background spectra were normalised to 
match the count rate in the 9.5 — 12 keV band in the 
source datasets. After this normalisation, an excellent 
agreement was generally found, except below ~ 2 keV 
due to differences in the soft Galactic foreground emis- 
sion between the target and blank-sky fields. In rare 
cases, significant differences were found in the level of 
the continuum emission at 2 — 7 keV due to low level 
background flares that were not detected by the standard 
lightcurve filtering. If there were other, unaffected obser- 
vations of the same target, then the data with low flares 
were rejected. For two clusters (A1682 and V1701+6414) 
there was no alternative data, and so a local background 
spectrum was used for the spectral analysis. Background 
spectra are shown in Fig. [4] for V1701+6414 and for 
A1942, a more typical example where the blank-sky and 
local background spectra agree well except for the Galac- 
tic foreground emission at < 2 keV. 

In order to account for the differences in the soft back- 
ground, the blank sky and readout background spectra 
were then subtracted from the local background spec- 
trum to give a "soft residual" spectrum. These residuals 
were generally positive, indicating a higher soft back- 
ground flux in the target pointings than the blank-sky 



fields, but in some cases were negative. The soft X-ray 
background is thermal in origin, and while the residual 
spectrum is the difference between thermal spectra, it 
is dominated by the oxygen lines at ~ 0. 6 keV and is 
adequ ately described by a 0.18 keV APEC (jSmith et all 
20015 model with zero redshift and p ositive or negative 
normalisation (Vikhli nin et al.l [2005) . The best fitting 
model to the soft residuals was included as an additional 
background component in all fits to cluster spectra, with 
the normalisation scaled for the differences in extraction 
area. 

For all spectral fits, the source emission was modelled 
with an absorbed APEC model in the 0.6 — 9 keV band. 
The temperature, metal abundance and normalisation 
of the hot component were free to vary, while the ab- 
sorbing column was fixe d at the Galactic value in ferred 
from 21 cm observations ([Dickey fc Lockm an 1990). The 
model was refit with the soft Galactic component normal- 
isation set to ±lcr and again with the overall blank-sky 
background renormalised by ±2%, and the resulting sys- 
tematic temperature uncertainties were added in quadra- 
ture to the statistical uncertainties. For each source spec- 
trum that was fit, the amount of flux lost to any excluded 
point and extended sources was estimated using the az- 
imuthal average of the exposure-corrected, background 
subtracted flux at that cluster-centric radius. While this 
assumes azimuthal symmetry for the clusters, it is an im- 
provement over a simple geometric flux correction that 
would not take into account the radially varying surface 
brightness distribution of the cluster. 

5.1. Determination of R50Q 

Cluster properties were measured within the radius 
i?50o- This radius generally matches the detected ex- 
tent of the clusters' emission, and corresponds to ap- 
proximately half of the virial radius. R^p n was measured 
follow ing the approach recommended bv iKravtsov et all 
(2006) to estimate -R500 from Yx, where Yx is defined as 
the product of the cluster temperature and gas mass. Yx 
provides a reliable method for estimating cluster masses 
(and hence -R500), as the Yx — M500 relation has low scat- 
ter, and the shape and sc atter in the relation i s insen- 
sitive to merging clusters ([Kravtsov et al.1 12006D . This 
makes it ideal for our sample, which contains clusters 
with a wide range of dynamical states. The low-scatter 
of the Yx — M500 relation and its self-similar evolution 
have be en verified for a subset of the clusters in this 
sample ([Maughanl 12007) . i?5oo and Yx were computed 
iteratively, measuring the temperature in the aperture 
(0.15 < r < l)i?5oo and the gas mass within -R500, com- 
puting a new Yx, and hence estimating a new value of 
i?50o- The process was repeated until -R500 converged 
to within 1%. An initial temperature estimate of 5 keV 
was used to estimate the first value of i?soo to begin the 
iteration. 

In order to estimate i?soo from Y x we used the 
Yx — M500 relation measured for the Vikhlini n et al.l 
(2006) sample of clusters 
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redshift evolution of the Hubble parameter, and is given 

by 

e 2 ( z ) =n M (i + zf + (i - fi M - fi A )(i + zf + n A (5) 

By definition, -R500 is then given by 4/37ri?5 00 = 
500 j o c (z)/A/ 50 o- This observed Yx — M 50 o relation has 
a normalisation ~ 15% lower than that found in the sim- 
ulations of KVN06, which may be due to the effect of tur- 
bulent pressure support which is neglected in the mass 
derivations for the observed clusters (KVN06). Adopting 
the normalisation from the simulations would have the 
effect of increasing i? 50 o by ~ 2.5% (v / 15%), increasing 
M gas by ~ 15% with a negligible effect on other proper- 
ties. 

The aperture of (0.15 < r < l)i?soo within which tem- 
peratures were measure in defining -R500 was chosen to 
exclude any effects of cool core emission in the clusters, 
and is consistent with the Yx — M500 relation used. Once 
i?50o was determined, the cluster properties were also 
measured with the core emission included, and the val- 
ues obtained for both apertures are given in Table [TJ 
We found that exclusion of the core (r < 0.15i?5oo) re- 
moved ~ 30% of the flux in non cool-core clusters (and 
a larger fraction from clusters with cool cores). This 
meant that for 4 of the faintest clusters (RXJ0910+5422, 
CLJ1216+2633, CLJ1334+5031 and RXJ1350.0+6007), 
we were unable to measure a temperature in that aper- 
ture. For those clusters, all of the cluster emission 
(r < -R500) was used for the temperature measurements 
in estimating i?5oo- None of these clusters showed ev- 
idence for the presence of cool cores, so the effect of 
including the core emission on biasing the temperature 
should be negligible. 

5.2. Combining observations 

Twenty nine of the clusters in this sample were ob- 
served more than once by Chandra. In these cases, the 
observations were first analysed separately as described 
above, and then the data were combined for certain 
stages of the analysis. Source, background and exposure 
map images were projected onto a common coordinate 
system and summed. The source lists from the individ- 
ual observations were combined and those sources were 
excluded. The summed images were then used for all 
imaging analysis. 

Multiple observations were also combined for the spec- 
tral analysis. Source and background spectra were ex- 
tracted as above for each individual observation. The 
spectra were then fit simultaneously as before with the 
temperature and metal abundance of the hot APEC com- 
ponents tied together. This method was followed when 
determining -R500 and the global temperature. 

6. NOTES ON INDIVIDUAL CLUSTERS 

In this section we note any peculiarities or points of 
interest about individual observations or clusters that in 
some cases required a departure from the analysis proce- 
dure described above. 

A115 (3C28.0): This cluster is undergoing a major off- 
axis merger, with the two subclusters separated by 300" 
(1 Mpc) in projection. The fainter southern subcluster 
was manually excluded from our analysis. The Chan- 
dra observation of this system is discussed in detail by 
iGutierrez fc Krawczvn ski (2005j). 



CLJ 0152. 7- 1357: This system is dominated by a 
north-south merger between equal mass clusters whose 
cores are separated by 95" (720 kpc) in projection. 
The cluster is al so associated with a n etwork of large 
scale structure (|Kodama et al.l l2005t iMaughan et al.l 
2006). The northern and southern subclusters (hereafter 
CLJ0152.7-1357N and CLJ0152.7-1357S) were analysed 
separately with the emission from each excluded during 
the analysis of the other. 

MACSJ0329.7-0212: ObsIDs 3257 and 6108 were re- 
jected due to background flaring, leaving ObsID 3582. 
MACSJ0404.6+1109: An extended source at 
a[2000.0] = 4 h 4 m 42.85 s <5[2000.0] = +11°09'39.6", 170" 
(0.9 Mpc) from the the cluster core, was manually ex- 
cluded. 

RXJ0439.0+0715: ObsID 526 was rejected due to a 
very high background level, leaving ObsID 3583. 
1E0657-56: This clus ter, a spectacular mer ger known 
as the "bullet cluster" (jMarkevitch et al.ll2004l ). has been 
observed 10 times with Chandra ACIS-I for a total of > 
500 ks. For simplicity we use only two of the observations 
in our analysis which total ~ 100 ks, which is more than 
sufficient for our purposes. 

MACSJ0717.5+3745: ObsID 1655 was rejected due 
to a very high background level, leaving ObsID 4200. 
MS0906. 5+1110: This cluster is part of a struc- 
ture that includes A750 (a[2000.0] = 09 h 08 m 59.25 s 
<5[2000.0] = +11°02'39.9") at the same redshift. The 
centre of A750 is 300" (0.9 Mpc) from the core of 
MS0906. 5+1110. The emission from A750 falls partially 
within the Chandra field of view in this observation and 
also within the -R500 of MS0906. 5+1110 and was manu- 
ally excluded. 

RXJ1234 . 2+0947: This system (also referred to as 
Z5247 in lEbeling et al.|[l998f) apparently consists of a bi- 
nary merger between two clusters o f similar mass . How- 
ever, only one redshift is available in lEbeling et al.l (|1998l ) 
for this system, and the position given is that of the 
southern subcluster. The northern subcluster was thus 
manually excluded from the current analysis. 
A1682: This cluster is part of a large scale filament 
comprising at least two other extended X-ray sources at 
the cluster redshift. These sources are at a[2000.0] = 
13 h 06 m 58.52 s £[2000.0] = +46°31'37.5", and a[2000.0] = 
13 h 07 m 13.33 s <5[2000.0] = +46°29'08.4", and are 145" 
(0.5 Mpc) and 227" (0.8 Mpc) south east of the cluster 
core, respectively. These sources were manually excluded 
for the current analysis. Furthermore, the only ACIS-I 
observation of this cluster was affected by long, low level 
flares causing the background spectrum to differ signifi- 
cantly from the blank-sky background. For this reason, 
a local background was used for the spectral analysis. 
CLJ 1334+5031: The only ACIS-I observation of this 
cluster was affected by long, low level flares causing 
the background spectrum to differ significantly from the 
blank-sky background. For this reason, a local back- 
ground was used for the spectral analysis. 
A1763: An extended source at a[2000.0] = 
13 h 34 m 53.21 s £[2000.0] = +40°56'55.34", 326" (1.2 Mpc; 
~ -R500) from the the cluster core, was manually ex- 
cluded. 

A2069: An extended source at a[2000.0] = 
15 h 24 m 27.70 s <5[2000.0] = +30°01'44.29", 530" (1.1 Mpc; 
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~ -R500) from the the cluster core, was manually ex- 
cluded. 

RXJ1524. 6+0957: This cluster is in a region of high 
Galactic X-ray emission at the base of the north po- 
lar spur, and thus had an extremely strong background 
residual spectrum. A cool APEC model at 0.30 keV was 
required to fit this soft foreground component. 
A2111: An extended source at a[2000.0] = 
15 h 39 m 32.70 s <5[2000.0] = +34°28'07.37", 210" (0.8 Mpc) 
from the the cluster core, was manually excluded. 
A2163: The lightcurve of ObsID 1653 was cleaned by 
hand to remove a long, low-level background flare. 
MACSJ1621.3+3810: The lightcurve of ObsID 3594 
was cleaned by hand to remove several periods of very 
high background. 

MS1621. 5+2640: An extended source at a[2000.0] = 
16 h 23 m 48.25 s <5[2000.0] = +26°34'22.11", 189" (1.1 Mpc; 
~ i?5oo) from the the cluster core, was manually ex- 
cluded. 

RXJ1701+6414: This cluster (at z = 0.453) is sepa- 
rated by 285" in projection from the foreground cluster 
A2246 at z = 0.225. A2246 was manually excluded for 
this analysis. The observation was also affected by long, 
low level flares causing the background spectrum to dif- 
fer significantly from the blank-sky background. For this 
reason, a local background was used for the spectral anal- 
ysis. 

A2261: An extended source at a[2000.0] = 
17 h 22 m 12.15 s <5[2000.0] = +32°06'54.0", 200" (0.7 Mpc) 
from the the cluster core, was manually excluded. 

7. RESULTS AND DISCUSSION 

7.1. Cluster morphologies 

We have used two simple quantities (ellipticity and cen- 
troid shift) to measure the morphology of the clusters in 
the sample. In Fig. [5] we plot the clusters on the plane 
of these two quantities. The dashed lines indicate the 
median values for the entire sample. For some nearby 
clusters, -R500 was not completely contained within the 
field of view, so R w (the maximum radius within which 
(w) could be measured) was less than R^qq. The 10 
clusters for which R w < 0.9i?5oo were rejected from 
this morphological study to ensure uniformity. Broadly 
speaking, clusters to the bottom left of Fig. \5\ are the 
most relaxed, with undisturbed, circular morphologies 
(e.g. A383) while those to the top left are elliptical clus- 
ters without significant substructure (e.g. A1413). The 
top right quadrant is home to clusters that are both el- 
liptical and disturbed (e.g. CLJ0956+4107) and finally 
the bottom left quadrant contains disturbed clusters 
with broadly circular geometries (e.g. A520). Adaptively 
smoothed images of these four example clusters are plot- 
ted in Fig. [6] 

The sample was split into low and high-redshift subsets 
using a redshift cutoff of z = 0.5 and the two subsets are 
marked separately on Fig. [5] There is a clear absence 
of very relaxed clusters at z > 0.5, although the dis- 
tribution of ellipticities does not vary significantly with 
redshift. The distribution of (w) alone is plotted in Fig. 
[7] for the low and high-redshift subsets. Again the ab- 
sence of very relaxed clusters in the high-redshift subset 
is clear. A Kolmogorov-Smirnov test gave a probabil- 
ity that the two (w) subsets came from the same parent 
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Fig. 5. — The clusters are plotted on the plane of centroid shift 
and ellipticity. The dashed lines show the median values of the 
full sample. Hollow and solid points show low and high-redshift 
clusters respectively. 
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Fig. 6. — Adaptively smoothed images of clusters exemplifying 
the morphological characteristics potted in Fig [5] The clusters are 
plotted here in the same quadrants in which they reside in Fig [5] 

distribution of 4.5 x 10~ 4 (> 3.5cr ). This reinforces, at 
the results of I Jeltema et al.l (|2005f l 



greater significance, 
who found more substructure in distant clusters than lo- 
cal clusters by using powe r ratios on Chandra images (see 



cal clust ers by using powe r 1 
also IVikhlinin etal] I2006D . 



7.2. Evolution of metal abundance 

The abundance of metals in the ICM is the signa- 
ture of star formation activity (and the ensuing super- 
novae) in the member galaxies, and the observed evolu- 
tion of metal abundances c an be used to trace the his- 
tory of these processes (e.g. lEttori| [2005; Bal estra et all 
2006). Measuring metal abundances in distant clusters 
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Fig. 7. — Histograms of the centroid shift parameter (w) for the 
low and high-redshift subsets of our sample. 
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Fig. 8. — ICM metal abundances measured within -R500 are 
plotted against lookback time and redshift for each cluster. All 
emission within -R500 was used when measuring these abundances. 
The thick lines show the abundances measured from a joint fit 
to the clusters in different redshift bins. The bins contain ~ 15 
clusters and the points are at the median redshift of each bin. 

is challenging, and requires a higher quality of data than 
measuring temperature alone (see M7.5|l . In Fig. [5] we 
plot metal abundances measured within i?soo as a func- 
tion of redshift and lookback time. There are large un- 
certainties on the individual measurements, and for 9 
clusters, the abundance measured was an upper limit. 
The abundance val ues are iron abundances r elative to 
the solar values of lAnders fc Grevessd fjl989f ). While 
these hav e been superceded by m ore recent measure- 
ments (e.g lGrevesse fc Sauvallll998l ). they allow straight- 
forward comparison with other works. A simple s caling 
of 0.676 converts from the lAnders fc Greve sse (198 91) iron 
abund ance to values relative to the iGrevesse fc Sauvall 
(1998) abundances. 

To improve the precision of the measurements, the 
clusters were grouped by redshift, and the spectra were 
fit simultaneously with the Galactic absorption, redshifts 
and soft foreground component fixed at their measured 
values for each cluster. The model temperatures were 
free to fit independently for each cluster (but tied to- 
gether for multiple observations of the same cluster) and 
the metal abundances were tied for all clusters in the 
group. The metal abundance measured for each group 
of clusters is then effectively a weighted mean, with the 



higher signal-to-noise (S/N) spectra naturally having a 
stronger weighting due to the \ 2 fitting method. The 
clusters were binned into groups of 15 clusters (with the 
highest redshift bin containing 11 clusters) and the abun- 
dances measured for each group are plotted with the un- 
binned data in Fig. [8l The locus of each bin is at the 
median redshift of the clusters in that bin. 

The grouped abundances decrease with redshift from 
~ 0.4Z Q locally to ~ O.2Z at z « 1, with most of the 
decrease occurring at z > 0.5. The significance of the 
decrease was investigated by fitting a constant level to 
the grouped abundances. This model was rejected at the 
99.9% level. Note that fitting a model to the unbinned 
data is problematic because of the upper limits at higher 
redshifts; a survival analysis that can include the upper 
limits correctly is not appropriate here, as it is not pos- 
sible to include measurement errors in such analyses. 

Clusters with cooling cores have been observed to 
have central peaks in their abundance profiles within 
r w 150 kpc, with abundances approaching solar va l- 
ues (|De Grandi fc Molendil feOOlt IVikhlinin et al.ll2005f) . 
Outside of the core the abundanc e profiles flatten signif- 
icantly to values around 0.3Z Q . iDe Grandi fc Molendil 
(2001) also found significant (although much weaker) 
abundance gradients in non cool-core clusters. As the 
global abundances measured here are emission weighted, 
the sharp surface brightness peaks in cool-core clusters 
cause their central abundance peaks to be overrepre- 
sented in the global value, biasing it high. A similar, but 
much milder bias will also be present in the non cool-core 
clusters. It is therefore instructive to remove this effect 
by excising the core regions from the metal abundance 
measurements . 

To this end, abundances were measured from spec- 
tra extracted in the annulus (0.15 — l)i?5oo 5 although 
this leads to significantly lower signal to noise and hence 
larger uncertainties. The clusters were grouped as be- 
fore and the spectra were fit simultaneously. The abun- 
dance evolution measured in this way is plotted in Fig. 
along with the binned data from Fig. [5] (which show 
the abundances measured when the core region was not 
excluded). When the core regions are excluded, the data 
show the same trend of decreasing abundance with red- 
shift, but at lower significance; the constant abundance 
model could only be rejected at the 87% level. The metal 
abundances are lower on average at all redshifts when the 
core was excluded, but the difference becomes less signif- 
icant at z > 0.5. This can be partially explained by the 
decrease with redshift of the fraction of coo l core clus- 
ters in the population (Vikhlinin et al. 2006). However, 
the data sugge st that weak abundance grad ients such as 
those found bv lDe Grandi fc Molendil (|2001[ ) in non cool- 
core clusters are still present at z ~ 1. 

Our results are consistent with those of iBalestra et al.1 
( 2006) based on a sample of 56 clusters observed in with 
Chandra (including many clusters in common with our 
sample). Key differences between these studies are the 
sizes of our samples, and the choice of spectral aperture. 
IBalestra et al.l (|2006l ) used circular apertures in the ap- 
proximate range (0.3 — 0.6)i?5oo to maximise the S/N for 
each cluster, and included the core emission. We used the 
aper tures (0 — 1) R^p and (0.15 — l)i?5oo for all clusters. 
The IBalestra et al.l ()2006l) method has the advantage of 
yielding the most precise measurements for each cluster, 
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Fig. 9. — Mean ICM metal abundances measured from joint 
spectral fits to clusters grouped into redshift bins. Abundances 
measured in the (0.15— l)Rsoo and (0— l)i?soo apertures are shown. 
The latter points are the same as those plotted in Fig. |8] Th e solid 
line shows the supernova enrichment model of Ettori (2005). 

while our method is consistent for all clusters, and allows 
us to address the effects of cool cores on the abundance 
measurements . 

The overall decline in abundance with redshift that we 
observe is in qualita t ive ag reement with the theoretical 
predictions of lEttoril (|2005[ ); the line in Fig. [HI is the solid 
line taken from their Fig. 5. The abundances measured 
with the cluster cores excluded agree well with the theo- 
retical prediction, while those measured from the entire 
cluster are systematically higher than the model. This 
is likely to be due to the cool-core bias on our emis- 
sion weighted global abundances. On the other hand, 
the abundances measured with the cores excluded will 
somewhat under-represent the true global value, because 
the higher metallicity gas in the cores is then ignored 
completely. It would be interesting to compare the evo- 
lution of mass-weighted abundances or total iron mass 
with theoretical predictions, but such measurements are 
not possible for the distant clusters with the current data. 

7.3. Surface brightness profile slopes at large radii 

The slope of the X-ray surface brightness profile is an 
important quantity because hydrostatic cluster masses 
derived within some radius depend on the slope of the gas 
density profile at that radius, which is measured from the 
surface brightness profile. The slope is often measured 
by fitting a simple /3-model to the data, but this has been 
found to underestimate the slope of the data at large radii 
as the fit is driven by the higher S/N d ata in the inner 
parts of the profile (jVikhlinin et al.l[l999h . More recently, 
V06 demonstrated that much of the discrepancy between 
the normalisation of the mass-temperature relation from 
observational studies and simulations can be explained 
by underestimates of the gas density profile slope at large 
radii. 

The ratio /?5oo/ 1 Pmod was calculated for each cluster, 
and a kernel density plot of the population is show in 
Fig. [10] To form this plot a Gaussian kernel was com- 
puted for each measurement with the central position 
and a given by the measured /3soo / Pmod and uncertainty. 
The kernels were normalised to have an area of unity and 
summed. The advantage of this plot over a histogram is 
that the uncertainties in the variable are included; well 
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Fig. 10. — Kernel density plot of the ratio of the logarithmic 
slope of the observed surface brightness profiles at Rsoo to that of 
the best fitting /3-model at the same radius. The dashed line shows 
the weighted mean. 

measured values contribute a high, narrow kernel while 
those with large uncertainties contribute a broad, low 
kernel. The resulting curve peaks at /3soo/ flmod = 1-2 and 
the weighted mean of the values is 1.15. Thus, on aver- 
age, the slope of the cluster surface brightness profiles at 
i?50o is steeper by ~ 15% than the best- fitting 0-model. 
This is consistent with the findings of rVikhlinin et al.l 
( 1999) and V06 and further reinforces the need for care- 
ful modelling of surface brightness profiles at large radii. 

7.4. Similarity of surface brightness profiles 

A simple and useful model of the structure of galaxy 
clusters is that they are self-similar. That is to say that 
clusters are identical when scaled appropriately by their 
mass. This would be the case if gravity were the only 
important factor in the formation, growth, and evolu- 
tion of clusters. There are many example s of cluster 
properties deviating from self similarity (e.g. iMarkevitchl 
ll998tlPonman et al.|[l999HSanderson et al M2003h . but it 
remains a useful baseline model, and departures from 
self-similarity provide useful clues to non-gravitational 
processes that should be incorporated into cluster mod- 
els. In the self-similar model, the surface brightness pro- 
files of clusters should be identical, once scaled by mass. 
However, it has been established that there is a trend 
for cooler sy stems to exhibit shallower surface brightness 
profiles f e.g. I Jones fc Formanll99llVikhlinin et alfL999t 
ISanderson et al.ll2003| ). This demonstrates the increas- 
ing relative contribution of non-gravitational processes 
in clusters of lower masses. 

The /?5oo — kT relation was investigated for our sam- 
ple and is plotted in Fig. [TTJ The best-fitting relations 
were measured with an ort hogonal, weighted "BCES " re- 
gression (as described bv lAkritas &: Bershadvi[l996l ). on 
the data in log space. The sample was divided at z = 0.5 
into low and high-redshift subsets, and these were fit sep- 
arately and are plotted in Fig. [IT] There was a signifi- 
cant trend for cooler clusters to have lower values of /3soo 
in the low-z subset; the best fitting relation had a slope of 
0.46 ± 0.09. However, for the high-resdhift subset, there 
was no significant correlation, the best-fitting slope was 
—0.1 ± 0.2. The low-rcdshift slope is thus steeper than 
the high-redshift slope at the ss 2.5cr level. This is not 
simply due to the absence of cooler systems in the distant 
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2 4 8 16 

kT (keV) 

Fig. 11. — The ,8500 — kT relations for the low-redshift (top) and 
high-redshift (bottom) subsets of the sample. The solid line in the 
top panel shows the best-fitting power law to that data. 

subset; the significance was unchanged when the systems 
cooler than 4 keV were excluded from the local subset. 
This result, while not strongly significant, could indicate 
that the self-similarity breaking is due to processes that 
become more important at lower redshifts. Alternatively, 
the possible flattening of the /3soo — kT relation with red- 
shift could be related to the morphological evolution of 
the clusters. However, we find no correlation between 
/?50o and (w) to support this hypothesis. 

7.5. Dependence of spectral uncertainties on data 
quality 

Finally, the large size of the sample enabled us to ex- 
amine how the uncertainties on measured spectral prop- 
erties depend on the signal to noise ratio of the spectra. 
Fig. rT3] shows the fractional uncertainties on the tem- 
perature and metal abundance measured for the clusters 
plotted against the signal to noise (S/N) ratio in the 
spectral fitting band. There are certainly factors other 
than data quality that influence the measurement un- 
certainties, such as multiple temperature and abundance 
components and different levels of absorption. However, 
fairly tight power law correlations exist in both cases al- 
lowing us to define approximate relations that can be 
used for a "rule of thumb" assessment of data quality. 
We find a(kT)/kT = l.77(S/N)-°- 75 and a{Z)/Z = 
W.0(S/N)-°- 8i . 

8. SUMMARY AND CONCLUSIONS 




10 100 

S/N 

Fig. 12. — Top: Fractional kT errors versus spectrum signal to 
noise measured in the spectral fitting band. Bottom: Fractional Z 
errors versus spectrum signal to noise. 

We have performed a systematic analysis of the largest 
available sample of galaxy clusters at z > 0.1 observed 
with Chandra ACIS-L Images and contour files are made 
available for each cluster. The structural properties and 
metal abundances of the clusters were investigated, and 
the main results can be summarised as follows: 

• There is a significant absence of relaxed clusters at 
high redshift as measured by the centroid shifts of 
the cluster emission. 

• The metal abundance of the ICM decreases with 
redshift, in line with theoretical predictions based 
on supernova rates. 

• The abundance evolution is still present (although 
less significant) if the core regions of the clusters are 
excluded. This indicates that the observed evolu- 
tion is not a result of the disappearance of cool-core 
clusters from the population at high redshifts. 

• Metal abundances are lower at all redshifts when 
the cluster cores were excluded. This suggests that 
weak abundance gradients are present in the ICM 
even at high redshifts where the influence of cool- 
cores is absent. 

• The surface brightness slope at -R500 (/?5oo) is 
steeper on average by ~ 15% than a simple /3-model 
fit to the entire profile. 
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• There is a significant correlation between /?5oo and 
cluster temperature for local clusters, and an indi- 
cation that the slope of this relation is shallower at 
high redshifts. 

An important factor in these results is likely to be the 
higher cluster merger rate at high redshi fts. This is pre- 
dicte d by cosmological simulations (e.g. ICohn &; White! 
|2005[) and explains the absence of relaxed, cool-core clus- 
ters at z > 0.5 (jJeltema et all 120051: iVikhlinin etal] 
|2006|) . The changing cool-core population in turn has an 
effect on the metal abundance evolution, both because 
the metal abundances in the cool cores is higher and be- 
cause the high emissivity of those regions then biases the 
the global emission-weighted abundances towards higher 
values. The fact that the evolution is also present when 
the cores are excluded suggests that the influence of cool 
cores is not the only effect. Indeed, the observed evolu- 
tion agrees with that predicted by lEttoril (|2005| ) based 
on models of the rates star formation and subsequent su- 
pernova feedback with redshift. Furthermore, enhanced 
star formation has been fou nd in the central galaxies o f 
some cool core clusters (e.g. iHicks &: Mushotzky! 120051) . 
This suggests that cool cores could be directly influenc- 
ing the rate of enrichment of the ICM, although the 
amount of cool-core induced star formation is not well 
constrained. Finally, if the slope of the /?5oo — kT rela- 
tion were confirmed to be shallower at z > 0.5, then this 
would suggest that the breaking of self-similarity in the 
surface-brightness profiles was due to processes that be- 
come important at lower redshifts. This could be related 
to the onset at lower redshifts of cooling cores and their 



regulation by AGN outbursts (e.g. iNulsen et al.l 12005). 

As a final point, we remind the reader that the sample 
is not statistically complete, and is subject to the differ- 
ent selection processes by which the target clusters were 
originally chosen to be observed. As such, unquantifiablc 
biases could be present, and so some caution is required 
in the interpretation of the results based on this sample. 
However, the agreement between the results presented 
here and other studies suggest that the impact of the 
heterogenous selection on our results is small. In subse- 
quent papers we will use this large sample to study the 
cluster scaling relations, their evolution, departures from 
self-s imilarity, and t he sources of scatter in the relations 
(e.g. lMaughanll2007l) . 

This research has made use of the X-Rays Clusters 
Database (BAX) which is operated by the Labora- 
toire d'Astrophysique de Tarbes- Toulouse (LATT), un- 
der contract with the Centre National d'Etudes Spatiales 
(CNES). We also used the NASA/IPAC Extragalactic 
Database (NED) which is operated by the Jet Propul- 
sion Laboratory, California Institute of Technology, un- 
der contract with the National Aeronautics and Space 
Administration. We thank Alexey Vikhlinin for provid- 
ing some of the software used in this work and Diab 
Jcrius for help assembling the list of clusters. BJM is 
supported by NASA through Chandra Postdoctoral Fel- 
lowship Award Number PF4-50034 issued by the Chan- 
dra X-ray Observatory Center, which is operated by the 
Smithsonian Astrophysical Observatory for and on be- 
half of NASA under contract NAS8-03060. 
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TABLE 1 

Summary of the observations used. Column 2 gives the Chandra 
observation identifier, and columns 3 and 4 are the icrs equatorial 

coordinates of the cluster x-ray centroid. column 5 gives the 
redshift of each cluster, and columns 6 and 7 give the date of each 
observation and corresponding "blank-sky" background period. 
Finally, column 8 lists the cleaned exposure time of each 
observation. 



Cluster 


ObsID 




RA 




DEC 




z 


Date 




BG Exposure (ks) 


MS0015.9+1609 


520 


00: 


18: 


33 


.63 


+16:26:14.6 


0. 


.541 


2000-08- 


-18 


C 


55.7 


RXJ0027.6+2616 


3249 


00; 


27: 


45. 


.92 


+26:16:19.9 


0. 


367 


2002-06-26 


D 


9.1 


CLJ0030+2618 


5762 


00: 


30: 


33 


.77 


+26:18:09.7 





.500 


2005-05- 


-28 


D 


16.1 


A68 


3250 


00: 


37: 


06 


11 


+09:09:33.6 





.255 


2002-09- 


-07 


D 


7.3 


A115 


3233 


00: 


55: 


50 


.69 


+26:24:37.4 





.197 


2002-10- 


■07 


D 


43.6 


A209 


3579 


01: 


31: 


53 


.47 


-13:36:46.1 


0. 


.206 


2003-08- 


-03 


D 


8.8 


A209 


522 


01: 


31: 


53 


.59 


-13:36:46.1 





.206 


2000-09- 


■09 


C 


7.5 


CLJ0152. 7-1357 


913 


01: 


52: 


40 


.03 


-13:58:24.2 





.831 


2000-09- 


-08 


C 


30.6 


A267 


1448 


01; 


52: 


42 


12 


+01:00:41.4 


0. 


230 


1999-10- 


-16 


B 


6.5 


MACSJ0159.8-0849 


6106 


01: 


59: 


49. 


.32 


-08:50:00.7 


0. 


.405 


2004-12- 


-01 


D 


30.3 


MACSJ0159.8-0849 


3265 


01: 


59: 


49 


.44 


-08:50:00.6 


0. 


.405 


2002-10- 


■02 


D 


15.0 


CLJ0216-1747 


6393 


02; 


16: 


32 


.93 


-17:47:30.5 





.578 


2005-10- 


■04 


D 


20.0 


RXJ0232.2-4420 


4993 


02: 


32: 


18 


.34 


-44:20:50.3 





.284 


2004-06- 


•08 


D 


15.0 


MACSJ0242.5-2132 


3266 


02: 


42: 


35 


.86 


-21:32:25.8 


0. 


.314 


2002-02- 


■07 


D 


8.8 


A383 


2320 


02: 


48: 


03 


.43 


-03:31:46.2 





.187 


2000-11- 


■16 


C 


15.8 


A383 


524 


02: 


48: 


03 


.65 


-03:31:44.9 


0. 


.187 


2000-09- 


-08 


C 


8.8 


MACSJ0257.6-2209 


3267 


02: 


57: 


11 


.33 


-22:09:14.4 





.322 


2001-11- 


■12 


1) 


16.6 


MS0302.7+1658 


525 


03: 


05: 


31 


.63 


+17:10:10.6 


0. 


.424 


2000-10- 


■03 


C 


9.1 


CLJ0318-0302 


5775 


03: 


18: 


33 


.60 


-03:02:55.3 





.370 


2005-03- 


-15 


D 


12.7 


MACSJ0329.6-0211 


3582 


03: 


29: 


11 


.54 


-02:11:45.9 


0. 


.450 


2002-12- 


■24 


D 


14.5 


MACSJ0404.6+1109 


3269 


04; 


04: 


32 


.66 


+11:08:16.8 





.355 


2002-02- 


-20 


D 


18.7 


MACSJ0429.6-0253 


3271 


04: 


29: 


35 


.95 


-02:53:06.1 





399 


2002-02- 


-07 


D 


20.0 


RXJ0439.0+0715 


3583 


04; 


39: 


00 


.67 


+07:16:03.8 





.230 


2003-01- 


-01 


D 


16.1 


RXJ0439+0520 


527 


04: 


39: 


02 


.35 


+05:20:43.7 


0. 


.208 


2000-08- 


-29 


C 


8.0 


MACSJ0451. 9+0006 


5815 


04: 


51: 


54 


.41 


+00:06:19.2 


0. 


.430 


2005-01- 


■08 


D 


8.0 


A521 


901 


04; 


54: 


06 


.58 


-10:13:15.2 


0. 


.253 


1999-12- 


-23 


B 


35.8 


A520 


528 


04: 


54: 


09 


.60 


+02:55:20.8 





.199 


2000-10- 


-10 


C 


8.5 


A520 


4215 


04; 


54: 


09 


.72 


+02:55:17.8 


0. 


.199 


2003-12- 


-04 


D 


48.7 


MS0451. 6-0305 


529 


04; 


54: 


11 


.26 


-03:00:52.6 





.550 


2000-01- 


■14 


B 


12.7 


CLJ0522-3625 


4926 


05: 


22: 


14 


.66 


-36:24:58.7 


0. 


.472 


2004-06- 


-17 


D 


15.8 


CLJ0542.8-4100 


914 


05: 


42: 


50 


.14 


-41:00:02.2 





.634 


2000-07- 


■26 


C 


44.0 


MACSJ0647.7+7015 


3584 


06: 


47: 


49 


.92 


+70:14:56.0 





.584 


2003-10- 


■07 


D 


17.9 


MACSJ0647.7+7015 


3196 


06: 


17: 


50 


.16 


+70:14:55.7 


0. 


.584 


2002-10- 


31 


D 


15.3 


1E0657-56 


3184 


06: 


■58: 


29 


.52 


-55:56:39.1 





.296 


2002-07- 


-12 


D 


69.5 


1E0657-56 


554 


06; 


58: 


30 


.00 


-55:56:39.5 


0. 


296 


2000-10- 


-16 


C 


22.3 


MACSJ0717.5+3745 


4200 


07: 


17: 


31 


.68 


+37:45:32.0 


0. 


.546 


2003-01- 


■08 


D 


51.8 


A586 


530 


07: 


32: 


20 


.16 


+31:37:54.5 





.171 


2000-09- 


-05 


C 


8.6 


MACSJ0744.9+3927 


3585 


07: 


,14: 


52 


.32 


+39:27:25.2 





.697 


2003-01- 


-04 


D 


14.8 


MACSJ0744.9+3927 


6111 


07: 


,14: 


52 


.32 


+39:27:27.0 





.697 


2004-12- 


■03 


D 


39.9 


MACSJ0744.9+3927 


3197 


07: 


14: 


52 


.56 


+39:27:26.3 


0. 


.697 


2001-11- 


■12 


1) 


16.6 


A665 


531 


08; 


30: 


53 


.04 


+65:49:55.2 


0. 


.182 


1999-12- 


-29 


B 


7.8 


A665 


3586 


08; 


30: 


59 


.04 


+65:50:44.2 


0. 


.182 


2002-12- 


-28 


D 


26.2 


A697 


4217 


08: 


42: 


57 


.84 


+36:21:57.2 





.282 


2002-12- 


■15 


D 


16.1 


CLJ0848. 7+4456 


1708 


08: 


48: 


47 


.76 


+44:56:12.5 


0. 


.574 


2000-05- 


■03 


C 


44.3 


CLJ0848. 7+4456 


927 


08: 


48: 


50 


.88 


+44:55:27.8 





.574 


2000-05- 


■04 


C 


95.1 


ZWCLJ1953 


1659 


08: 


50: 


06 


.96 


+36:04:18.1 


0. 


.320 


2000-10- 


-22 


C 


17.9 


CLJ0853+5759 


5765 


08: 


53: 


14 


.64 


+57:59:47.8 


0. 


.475 


2005-02- 


■19 


D 


22.0 


CLJ0853+5759 


4925 


08; 


53: 


14 


.88 


+58:00:02.9 





.475 


2004-09- 


-19 


D 


14.3 


MS0906.5+1110 


924 


09: 


09: 


12 


.72 


+10:58:33.6 





.180 


2000-10- 


-02 


C 


26.4 


RXJ0910+5422 


2452 


09: 


10: 


44 


.40 


+54:22:04.4 


1. 


.110 


2001-04- 


■24 


D 


54.4 


RXJ0910+5422 


2227 


09: 


10: 


45 


.36 


+54:22:07.3 


1. 


.110 


2001-04- 


-29 


D 


84.2 


A773 


5006 


09: 


17: 


52 


.80 


+51:43:40.4 


0. 


217 


2004-01- 


-21 


D 


15.8 


A773 


3588 


09: 


17: 


53 


.04 


+51:43:37.9 





.217 


2003-01- 


-25 


D 


8.8 


A773 


533 


09: 


.17: 


53 


.04 


+51:43:39.4 





.217 


2000-09- 


■05 


C 


9.8 


A781 


534 


09: 


20: 


26 


.16 


+30:30:04.7 


0. 


.298 


2000-10- 


-03 


C 


8.6 


CLJ0926+1242 


4929 


09: 


26: 


36 


.48 


+12:43:04.8 


0. 


.489 


2004-02- 


■06 


D 


16.3 


CLJ0926+1242 


5838 


09: 


26: 


36 


.48 


+12:43:02.3 


0. 


.489 


2005-02- 


■21 


1) 


27.2 


RBS797 


2202 


09: 


,17: 


13 


.20 


+76:23:13.6 


0. 


354 


2000-10- 


■20 


C 


9.8 


MACSJ0949.8+1708 


3274 


09: 


49: 


51 


.84 


+17:07:08.0 





.384 


2002-11- 


-06 


D 


12.9 


CLJ0956+4107 


5759 


09: 


56: 


03 


.12 


+41:07:14.2 


0. 


.587 


2005-01- 


-28 


D 


34.7 


CLJ0956+4107 


5294 


09: 


56: 


03 


.36 


+41:07:13.1 





.587 


2003-12- 


-30 


D 


13.5 


A907 


535 


09: 


58: 


21 


.84 


-11:03:49.0 


0. 


.153 


2000-06- 


-29 


C 


9.1 


A907 


3205 


09: 


58: 


22 


.08 


-11:03:49.3 





.153 


2002-10- 


■30 


D 


37.1 


A907 


3185 


09: 


58: 


22 


.08 


-11:03:50.0 





.153 


2002-06- 


-14 


D 


38.4 


MS1006.0+1202 


925 


10: 


.08: 


47. 


.52 


+11:47:40.6 





.221 


2000-06- 


-22 


C 


23.3 


MS1008.1-1224 


926 


10: 


10: 


32 


16 


-12:39:30.2 


0. 


301 


2000-06- 


-11 


C 


14.5 


ZW3146 


909 


10: 


23: 


39 


.60 


+04:11:11.3 





.291 


2000-05- 


■10 


C 


40.4 


CLJ1113. 1-2615 


915 


11: 


13: 


05 


.28 


-26:15:41.0 





.725 


2000-08- 


-13 


C 


44.6 


A1204 


2205 


11: 


13: 


20 


.40 


+17:35:39.1 


0. 


171 


2001-06- 


-01 


D 


19.4 


CLJ1117+1745 


4933 


11: 


17: 


30 


.00 


+17:44:52.1 





305 


2004-06- 


-18 


D 


16.6 



B. J. Maughan et al. 
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Cluster 


ObsID 




RA 




DEC 




z 


Date 


BG 


Exposure (ks) 


CI, 71 1 1 7-1-1 745 

vijj nil J- ' ^to 
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\\ 


:17 


:30 


.00 


+ 1 7-44-52 8 


0. 


.548 


2005-02-1 5 




39.9 


CT, 11 1 20+431 8 


5771 


11: 
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:07 


20 


+4S-18-06 1 
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D 


16.6 
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.562 
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13 
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4961 


11 


:23 


:37 


,68 
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43.5 
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11 
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:55 


20 
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HI 
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11 
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32 
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1 QQQ HQ 30 

J. yyy 1 uo 1 ou 


73 
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3589 


11 
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:35 


,28 
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0. 


545 


2003-02-07 


13 


15.0 
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11 


:55 
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.00 
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.143 


2004-03-06 
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13 
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11 
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.00 
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0. 
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13 
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4934 
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9004 07 1 7 

ZUU1 U I ± / 


13 
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12 
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0. 
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13 
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12 
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40 
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13 
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:26 
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13 


25.1 
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12 
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0. 
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2003-01 -27 
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13 
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12 


:3d 
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.229 
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c 


8.6 
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4198 


12 


:52 
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96 
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1 


237 
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13 
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A1682 
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13 
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12 
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13 
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13 
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.68 
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0. 


.494 
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13 
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13 
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:01 


92 
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13 


13.0 


A1689 
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13 
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.52 


01 -90-9Q 8 
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13 


16.6 


A1689 
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13 
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183 
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13 
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13 
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52 
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Q 
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88 
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2001-05-04 


13 


88.4 
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5772 


13 
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:18 


72 
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0. 
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2005-08-05 

iUUU Uu UO 


1) 


15.3 


A1763 


3591 


13 


:35 
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ZUUO UO ^0 


13 


17.4 
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13 


:47 
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.72 
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.451 
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13 


45.9 


RY 71 qc;n 0-1-6007 
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2229 
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^UU -L UO 


13 


47.7 


CI, 11 354-0221 
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13 
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:17 


.04 
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0. 
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2005-05-1 7 

Z.UUO UO -L ( 


13 


29.8 
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4932 


13 
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:17 


.28 
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.546 
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13 
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14 
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.04 
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1 
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13 


72.9 


RX 1141 6+4446 
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541 


14 


:16 


:28 
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4-44-48-42 fi 


0. 


.400 


1 QQ0-1 2-02 

1 Ji/J li Ui* 


13 


27.7 


MACST1423 8+2404 


1657 


14: 


:23 


:47 


.76 


4-94-04-40 8 





543 
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ZUUl UU Ul 


13 


16.9 
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3593 


14 


:26 
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20 


-U37-4Q-34 





171 
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zuuo uy uo 


13 


16.1 
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542 


14 


:26 
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20 


4-37-40-3^ 4 
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7.2 
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14 
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08 


-U03-40-08 9 
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224 
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13 
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14 
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12 
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Q 
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14 
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12 
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13 
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15 
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44 
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215 
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13 


12.2 
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15 


:10 
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.48 


+ 33-30-28 4 
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2001-05-05 
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13 


51.6 


A2069 
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15 
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36 
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13 


53.4 
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15 
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:39 
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0. 


516 


2002-04-01 
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13 


43.6 
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1665 


15 


:32 
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345 
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zuu 1 uy uu 


13 


8.8 
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544 


15 


:39 
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229 


2000-03-22 

i(UUU U O Zi — 




9.1 


A2125 


2207 


15 


:41 


:08 


.64 
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.246 


2001-08-24 


13 
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16 
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:45 
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Q 


9.1 
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16 
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:24 


72 
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.463 
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13 
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16 
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:24 


.72 
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9004 19 11 
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13 


32.9 


MACS11621 34-3810 
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16 
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0. 


.463 


2004-1 2-25 

^UU^ li i(J 


13 
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MSI 621 5+2640 


546 


16 


:23 


:35 


28 


+26-34-1 9 9 


0. 


.426 


2000-04-24 


Q 


26.2 


A2204 


6104 


16 


:32 


:47. 


.04 


4-0^-34-39 ^ 





152 


9004 00 90 
zuui uy ^u 


13 


9.1 


A2218 


1666 


16 


:35 


:52 


08 


4-fifi-l 9-34 fi 





176 
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zuu 1 uo ou 


13 


37.3 


A2218 


1454 


1 


:35 


:52 


08 


-f-UU.lZ.O^.Z 


n 

u. 


1 7fi 
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73 


10 1 
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3575 


16 


:41 
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80 


-440-01 -40 4 

n^^tU. U-L .rtU.rt 





464 


9003 00 94 
zuuo uy a4 


13 


36.0 


R Y 11 701 -U641 4 

L IA J 1 1 Ul U41i 


547 


17 


:01 


:23 


04 


-UR4-1 4-1 1 4 





453 
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^UUU llrOl 


Q 


38.4 


R Y 11 71 6 Q-l-6708 

R A J _L 1 _LU . y i U 1 Uu 


548 


17 


:16 


:49 


44 


4-fi7-08-9fi Q 
tu / .uo.^u.y 





813 


9000 09 97 

ZiUUU Ui Z 1 


Q 


42.5 


A2259 


3245 


17 


:20 


:08 


.64 


-U97-40-0Q 8 





164 


9009 00 1 6 
zuua uy iu 


13 


7.8 
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1 7 
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08 
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u 


164 
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73 


7 


R Y 11 790 1 4-9638 


3224 


17 


:20 
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08 
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164 


9009 1 03 

iiUUi IU uo 


13 


18.4 


RX 11 720 1 4-2638 

iLJVt) 1 1 iU. -L " U U O 


4361 


17: 


:20 


:10 


08 


4-26-37-20 3 





.164 


2002-08-1 9 


13 


20.2 


MACS 11 790 9-43536 


3280 


17 


:20 


:16 


56 


4-3^-38-91 8 





387 


9009 1 1 03 

iUUi -L _L UO 


13 


17.4 


A2261 


5007 


17 


:22 


:27 


12 


4-32-07-^6 (S 

TJ"' U I . OU. u 





.224 


2004-01-1 4 

Zr \J\J i 7h \J _L _L rr 


13 


19.7 


A2261 


550 


17: 


:22 


:27 


12 


4-39-07-^7 4 





224 


1 QQQ 19 11 

-L yyy _l _l 


13 


8.3 


A2294 


3246 


17 


:24 


:09 


60 
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178 


9001 1 9 94 

iiUU -L IZi 


13 


8.3 


MACS11894 34-430Q 


3255 


18 


:24 


:18 


96 
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0. 


.487 


9009 OQ 1 4 
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13 


12.4 
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3282 


19 
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:49 


68 
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0. 
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13 


12.4 
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4995 


20 
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12 


-^7-2^-00 8 
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2004-06-08 


13 
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1667 


20 


:56 
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12 
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0. 
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13 
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20 
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12 
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0. 


.583 
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C 


38.4 
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3595 
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:29 


:25 


.92 
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.594 


2003-10-18 


D 


16.9 


RXJ2129.6+0005 


552 


21 


:29 


:40 


.08 
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0. 


.235 


2000-10-21 


C 


8.5 


A2409 


3247 


22 
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.04 


+20:58:27.8 





.148 
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D 


9.1 
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3285 


22 


:28 


:32 


.88 
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.412 
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D 
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22 


:29 
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D 
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22 
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0. 
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D 
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22 
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0. 
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C 
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22 
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0. 
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D 
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CLJ2302. 8+0844 
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23 
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0. 
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C 
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Cluster 


ObsID 


RA 


DEC 


z Date 


BG 


Exposure (ks) 


A2631 


3248 


23:37:37.92 


+00:16:07.5 


0.273 2002-07-08 


D 


8.0 



B. J. Maughan et al. 



TABLE 2 

Structural properties of the clusters. R w is the maximum radius 
within which the centroid shift ({w}) could be measured. /3soo is the 

logarithmic slope of the surface brightness profile at r500 • for 
clusters marked with a f. the emission was not detected to a large 
enough radius to measure 0500- 
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„_+0 04 
DO -0.04 


A665 





.071° 


01 
01 


3 


.40 


± 





.29 


0. 


,77 





7Q+0.02 
' ' -0.02 


A697 





OQ+0 

• 23 -o 


01 

.01 





.41 


± 





.03 


1 


.00 





70+0.05 
•'^-o.os 


CLJ0848. 7+4456 





.34+0 


05 
05 


1 


.06 


± 





.10 


1 


.00 





O o + 0.17 

.^8_ .18 


ZWCLJ1953 





1 Q+0 

.18+ 


02 
02 


2. 


.39 


± 





.20 


1 


.00 





.+0.12 

■ 84 -o.n 


CLJ0853+5759 





.361° 


05 

.05 


1 


.54 


± 





.14 


1 


00 





o ~+0.54 
-0.38 


MS0906.5+1110 





19+° 
ly -0 


01 
.01 


4. 


.82 


± 





.42 





.95 





t-4+0.04 
" J ^-0.04 


RXJ0910+5422 1 





07 -0 


10 

.07 


1 


.68 


± 





.16 


1 


.00 






A773 





n-i + 


01 
01 


1 


.05 


± 





.09 


1 


.00 





„^+0 04 
fiO 

DU -0.04 


A781 





1 0+0 
■!3±o 


03 
03 


3 


.88 


± 





.34 


1 


00 





c-r+0.08 
■&&-0.08 


CLJ0926+1242 





37+ 


04 
04 





.36 


± 





.03 


1 


.00 





Lf| 1 7 

" u -0.16 


KBb797 





27_ 


01 
01 





21 


± 





.02 


1 


00 





oo+O. 16 
■»8_ 14 


MACSJ0949.8+1708 





1512 


02 
02 


1 


.07 


± 





.09 


1 


.00 





fi1 +0.06 
oi -0.06 


CLJ0956+4107 





.421° 


04 
04 


3 


.90 


± 





.36 


1 


00 





gg+0.22 
DD -0.20 


A907 





.291° 


00 
00 





.81 


± 





07 


1 


.00 





q 9 +0.05 
,yz -0.04 


MS1006.0+1202 





.241° 


02 
02 


2 


.19 


± 





.19 


1 


00 





7O+0.09 
' 1 -0.09 


MS1008.1-1224 





1812 


03 

.03 


4. 


.87 


± 





.43 


1 


.00 





7^+0.15 
'°-0.13 


ZW3146 





1812 


01 
.01 





.23 


± 





.02 


1 


00 





70+0. 08 
•' 8 -0.07 


CLJ1113.1-2615+ 





.001° 


38 
00 





.88 


± 





.08 


1 


.00 






A1204 





1612 


01 
.01 





.34 


± 





.03 


1 


00 





C7+O.O8 
J '-0.08 


CLJ1117+1745 





.281° 


06 

.07 


1 


.43 


± 





13 


1 


.00 





7 fi +0.23 
•'°-0.19 


CLJ1120+4318 





1412 


05 

.05 





.93 


± 





.08 


1 


00 


1 


Q1 +0.27 
ul -0.21 


RXJ1121+2327 





1612 


03 
03 


1 


.39 


± 





.13 


1 


.00 





84+0-13 
o4 -0.12 


A1240 





.281° 


02 
.02 


1 


.66 


± 





.15 


1. 


.00 


1 


nc+0.06 
• uo -0.06 
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Cluster 




e 


/1 n — 2 r> ^ 
{w} (10 R500) 


ttw (,«500 ) 


P500 


MACSJ1131. 8-1955 


0. 


O1+0.02 
• 3L — 0.02 


2.91 + 0.25 


1.00 


n 79+0.05 

' z _0.05 


MS1137.5+6625 





14 +0.02 
1 -0.03 


0.34 + 0.03 


1.00 


o.4i±°;J° 


MACSJ1149.5+2223 





ncr + 0.02 
^°—Q 02 


1.21 + 0.10 


1.00 


0.66t°° 7 


A1413 





09+O.OO 
""-0.00 


0.34 + 0.03 


0.90 


n fi7 +0.03 
U.O<_ Q3 


CLJ1213+0253 t 





nfi +0.08 
UD -0.06 


1.72 + 0.16 


1.00 




CLJ1216+2633 t 





10+O.O8 
is -0.09 


0.67 + 0.06 


1.00 




RXJ1221+4918 





1O+0.03 
10 — 0.03 


1.28 + 0.12 


1.00 


u.oy_ 06 


CLJ1226.9+3332t 





1n +0.03 
1 — 03 


1.30 + 0.11 


1.00 




RXJ1234.2+0947 





1n +0.05 
iU -0.05 


4.71 + 0.40 


0.95 


1 nn + 0.35 
l.UU_ 25 


RDCS1252-29 





i 9 +0.07 
lz -0.12 


0.83 + 0.08 


1.00 


91 +°' 27 
u ' yi -0.21 


A1682 





99 + 0.04 

zz -0.04 


3.92 + 0.34 


0.70 


41+O.IO 


MACSJ1311. 0-0310 


0. 


ns +0.02 
U °-0.02 


0.39 + 0.03 


1.00 


1 00+ ' 30 
l.UU_ 23 


A1689 





1,+D.Ol 
1J - 0.01 


0.36 + 0.03 


1.00 


n s/L+ - 06 

U -° 4 -0.06 


RXJ1317.4+2911 





tra+0.07 
""-0.08 


1.26 + 0.12 


1.00 


1 99+O.7O 
J -"— 0.39 


CLJ1334+5031 


0. 


99 + O.O8 

— 09 


1.70 + 0.16 


1.00 


u.oo_Q 40 


A1763 





oi+O.Ol 
— 0.01 


0.69 + 0.06 


0.95 


0-76lH 5 5 


RXJ1347.5-1145 


0. 


nc + 0.01 
ZD -0.01 


0.63 + 0.05 


1.00 


0.80+.°;°? 


RXJ1350.0+6007 


0. 


07+O.O5 

""-o.os 


2.67 + 0.24 


1.00 


o.62+°; 2 ° 


CLJ1354-0221 





9O+0.05 

^-o.oe 


2.58 + 0.24 


1.00 


o.65i»:i| 


CLJ1415. 1+3612 


0. 


1O+0.05 
■J-J— 0.05 


1.20 + 0.11 


1.00 


o-62±8:il 


RXJ1416+4446 





nc:+0.03 
zo -0.03 


0.82 + 0.07 


1.00 


0.521°-° 


MACSJ1423.8+2404 


0. 


i 7+0.03 
1( -0.03 


0.25 + 0.02 


1.00 


o.59i»:i| 


A1914 





lfi +o.oi 

1D_ o 01 


1.94 + 0.16 


0.81 


1 07+0.19 

J-- ' _o 16 


A1942 





ii+0.02 
11 -0.02 


0.93 + 0.08 


1.00 


n CT7+0.03 
U - Jl -0.03 


MS1455.0+2232 





91 +0.01 
zl _ 0.01 


0.38 + 0.03 


1.00 


^+°- 03 

u.oo_o 03 


RXJ1504-0248 


0. 


90+O.OI 
zo -0.01 


0.15 + 0.01 


1.00 


O.SOl^o 


A2034 


0. 


ic+0.01 
lo -0.01 


0.86 + 0.07 


0.81 


0.90l°;°4 


A2069 





07+O.OI 
— 01 


0.85 + 0.07 


0.74 




RXJ1525+0958 





O o+0.03 
zo -0.04 


2.04 + 0.19 


1.00 


n 70+0.10 


RXJ1532.9+3021 





1O+0.02 
lo -0.02 


0.07 + 0.01 


1.00 


69+°'" 9 
u - DM -0.09 


A2111 


0. 


9O+0.02 
zo -0.02 


2.08 + 0.18 


1.00 


U.OD_ 08 


A2125 





09+O.O2 
""-0.02 


1.65 + 0.15 


1.00 


5fi+ - 03 
U.DO_ 03 


A2163 


0. 


17 +0.01 
11 -0.01 


2.51 + 0.20 


0.63 




MACSJ1621. 3+3810 


0. 


1O+0.02 
lo -0.02 


0.25 + 0.02 


1.00 




MS1621. 5+2640 





m+o.03 

lu - 0.03 


1.94 + 0.17 


1.00 




A2204 





g + 0.01 

uy - 01 


0.25 + 0.02 


0.86 


0.8918-iJ 


A2218 





91+0.01 

zl _ 0.01 


1.87 + 0.16 


1.00 


0.871°;°* 


CLJ1641+4001 





10+0.05 

is -0.06 


0.45 ± 0.04 


1.00 


0.34lg;iJ 


RXJ1701+6414 


0. 


9 7 +0.03 
z '-0.03 


1.39 + 0.13 


1.00 


0.60t°;l° 


RXJ1716. 9+6708 





,9+0.04 
"-0.04 


0.60 + 0.05 


1.00 


n 70+0.18 

U - ' d -0.15 


A2259 


0. 


9n +0.02 
zu — 0.02 


0.77 + 0.07 


0.95 


1 04+°' 2 ° 


RXJ1720.1+2638 





14+O.OI 
i4 -0.01 


0.16 + 0.01 


1.00 


n 70+O.O5 
u - ' d -0.05 


MACSJ1720.2+3536 





1 7 +0.02 
1 ' -0.02 


0.57 + 0.05 


1.00 


0.971°;^ 


A2261 





1Q + 0.01 

lu -0 .01 


0.71 + 0.06 


1.00 


0-68i°;°4 


A2294 





n7 +0.02 
u ' -0.02 


1.23 + 0.10 


0.77 


1 99+O.32 


MACSJ1824.3+4309 





9n +0.08 
zu -0 .08 


3.57 + 0.32 


1.00 


71 + 012 
u - ' i -0.12 


MACSJ1931. 8-2634 





o n +o.oi 

•J>J_0.01 


0.28 + 0.02 


1.00 


o.69l°; ° 


RXJ2011.3-5725 





m +0.44 
uu -0.00 


0.37 + 0.03 


1.00 


o.73±°;i 2 


MS2053.7-0449 





14+0.04 

i4 -0.04 


0.95 + 0.09 


1.00 


«+°- 19 


MACSJ2129.4-0741 





iQ+0.03 
ly -0.03 


1.56 + 0.14 


1.00 


1 99+0.20 
1 -^ z -0.17 


RXJ2129. 6+0005 





9K+0.02 
■ zv — 02 


0.55 + 0.05 


1.00 


0.82±°-i| 


A2409 





1 O+0.02 
L - 3 -0.02 


1.08 + 0.09 


0.70 




MACSJ2228.5+2036 





n-j+o.03 

U'-'-O.Ol 


3.00 + 0.26 


1.00 


n 70+0. 06 
u -' a -0.05 


MACSJ2229.7-2755 





iQ+0.02 
iy -0.02 


0.27 + 0.02 


1.00 


77+ - 12 
u - ' '-0.11 


MACSJ2245.0+2637 





9O+0.02 
■ zo —0.02 


0.36 + 0.03 


1.00 


5S+°' 15 
u '°°-0.14 


RXJ2247+0337 





91 +0.05 
zl -0.06 


0.53 + 0.05 


1.00 


17+ - 34 
u - 1( -0.39 


AS1063 





9n+o.oi 

zu -0.01 


0.74 + 0.06 


1.00 


n 74+0^7 

u -' 4 -0.07 


CLJ2302.8+0844 





19+0.05 

iz -0.06 


1.11 + 0.10 


1.00 


42+0 .11 
U - 4Z -0.11 


A2631 





99+0.02 
zz -0.02 


5.01 + 0.43 


1.00 


76+0 .11 
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TABLE 3 

Summary of the cluster properties. Clusters marked with a f were 

TOO FAINT TO PERMIT A FULL SPECTRAL FIT IN THE (0.15 < r < 1)J?500 
APERTURE. FOR THESE CLUSTERS Yx WAS DERIVED USING THE TEMPERATURE 

MEASURED IN THE r < i?500 APERTURE, AND L x WAS MEASURED BY A 
SPECTRAL FIT IN THE (0.15 < T < l)i?500 APERTURE WITH KT FIXED AT THE 
GLOBAL TEMPERATURE. 



r < gsOQ (0.15 < r < l)g5oo 



Cluster 




kT 


L x 


Z 




kT 




Z 


Y x 




(Mpc) 


(keV) 


(10 44 erg s- 1 ) 


(Z Q ) 


(1O 13 M ) 


(keV) 


(10 44 erg s- 1 ) 


(Z ) 


(1O 13 M keV) 


MS0015. 9+1609 


1.24 


9-°Io.5 


47.5 ± 0.7 




1 f- 1 ^+0 08 

I5.l7l°;?* 


8.9l8; 7 


34.5 ± 0.6 


„ „ . 4-0 07 
94 T^ U U ' 

u ' z ^-0.07 


_. „_ „4_9 8 


RXJ0027.6+2616 


0.93 


a ^4-0 7 
a 7-1-u. * 

-0.7 


6.6 ± 0.6 


„ .—-1-0 32 

0.47l°;g 


. „„4_n 14 

4.60l°;! 4 


AST ;i 

— 0.5 


5.0 ± 0.6 


_ „_4-( 4() 
°- 65 l6.33 


_, „ _, 4-4 3 

I9.l! 4 ; 3 


CLJ0030+2618 


0.93 


. -,4-T 3 

4 - 8 -to.8 


5.2 ± 0.6 


0.82l°j 4 


r><->4-0 17 

3.80l°;! 7 


, rr-r-1 5 

4 - ' -0.9 


3.9 ± 0.6 


1 09 r 
1 - uz -0.56 


-, ^4-5 9 

i8.o!8;8 


A68 


1.19 


n 1 -1-0 9 


16.7 ±0.6 




'■^-0.13 


„ _4_1 

6.5lJ° 


9.3 ± 0.5 


_ . „4_o 92 
°- 46 io'.21 


f i ,-,-1-7 8 

51 -0Is.7 


A115 


1.25 


_ o-l-O 1 

5-3Ioi 


12.6 ± 0.1 


_ „ „4_n 04 


8.79l°'°* 


_ ^ 4-0 4 

7 1 ' 


9.3 ± 0.1 


„ r.r.-1-O 07 

o.3o!8;8 7 


62.4l8'4 


A209 


1.30 


' - A -0.4 


17.6 ±0.3 


„ „ „4-0 (17 

u - ZD -0.07 
n ccr+0.45 
U ' 55 -0.37 


10.83l°°8 


_ ^4-0 ^ 

7.318J 


12.2 ± 0.3 


^ -,^4-0 1 (1 

u ' zy -0.09 


78.71*;* 


CLJ0152.7-1357S 


0.72 


. -,4-T 3 

4 -8Io.s 


7.6 ± 0.8 


_ _i_0 17 

3.381°;^ 


„ „4_2 4 


6.0 ± 0.7 


„ r>4-0 42 

0-io!8;to 


20-218.8 


A267 


1.04 


. ,-,4-0 3 

^• y -0.3 


11.1 ± 0.5 


„ . n -L(l 1« 

0A9 -017 


f rr a -1-0 10 

5.74l°;J? 


. „4-0 5 
^• D -0.4 


7.0 ± 0.5 


_ „ . _|_0 97 

0.6418; 2 ! 


26.512 4 


CLJ0152.7-1357N 


0.78 


_ Q _|_o.8 

^-o.s 


10.3 ± 0.6 


^ ^^-1-0 1 3 

O-OOIo.oi. 


4 - 63 -oi4 


„ „4-T 

5-s!!:8 


8.7 ± 0.7 


„ „„4-0 27 

°-°3l8'.03 


. ^+4 7 

24.61 4 ; 7 


MACSJ0159.8-0849 


1.28 


'• y -0.3 


39.3 ±0.5 


_i_n n r i 

0-3il°;°t 


4-fl "1 "1 

1 1 41 + u - ii 
il -^- L -0.07 


4-n q 
y ' y -0.9 


18.0 ±0.4 


4_n 1 n 
(1 0^+ 


4-1 O 7 

1 1 S 4+ lu - ' 


CLJ0216-1747 


0.71 


„ -,4-16 


2.8 ± 0.5 


O-OO^o.oo 


_, ,-,-,4-1) 09 

1.871°,;™ 


3.0!?; 2 


1.4 ± 0.5 


„ ,,,,4-0 74 


1- ^4-17 3 
5 - 6 l25 


RXJ0232. 2-4420 


1.34 


_L(j 4 

7 - 9 -0.4 


31.7 ± 0.6 


+ ()<) 


--,^4-0 11 

ll.96l°;^ 


n+1 1 

9-2l!;o 


17.6 ± 0.5 


4. 10 


110.31! 3 ' 2 


MACSJ0242. 5-2132 


1.09 


. -,4-0 9 
^■°-0.2 


27.3 ± 0.7 


„ .,~,-\-{) 10 

°- 48 l0.09 


„ rr fl 4-0 07 

D -'^-0.21 


_ „4-0 9 

o.y_ 7 


7.9 ± 0.4 


°-°8l8'.08 


.-. ,^ ^ 4— f\ 

39.915,; 


A383 


0.98 


n-r-0 1 

3 - 9 Ioi 


9.1 ± 0.2 


„ Jf -,4-0 06 

0.48l°'^ 


, „„4-f) ()4 
^■ U/ -0.04 


. -,4-0 4 
^' z -0.2 


3.6 ± 0.1 


„ 4-0 1 2 


-11-7-1 4-17 


MACS J0257. 6-2209 


1.14 


'■^-0.6 


16.3 ± 0.5 


0^-1 +0 12 
°- 41 io.l2 


7.04l°;^ 


^ n+1 1 

6.9lJ; 7 


8.1 ± 0.3 


^ 1 r-r + 17 

°- 17 0.17 


48.6l 7 ;8 


MS0302. 7+1658 


0.79 


r+0.5 


6.0 ±0.8 


56+ ' 43 


z - yo -0.13 


Q + O.8 


3.2 ± 0.7 


fl 7fi+0.82 
U - ' U -0.56 


10.0!?; 4 


CLJ0318-0302 


0.88 


, „4-0 (S 

^• U -0.5 


5.1 ±0.3 


^ ^ ^-1-0 1 9 

o-oolo 1 ;^ 


„ , in in 

°- ly -0.13 


, „_i_n 7 
4 Q+ u - ' 

*-°-0.8 


3.4 ±0.2 


^ ^ ~ 4- 1 1 OX 

o.oo!8;88 


- „ —1-9 4 

13.71 2 ; 4 


MACSJ0329. 6-0211 


0.99 


^'°-0.3 


27.1 ±0.9 


0.581°;!; 


7 40+0. 16 
'■ 4J -0.17 


4 4+°- 5 


12.1 ±0.6 


o-35l8;! 8 5 


32-5+jj'j 


MACSJ0404.6+1109 


1.07 


- ^4-0 7 

°- y -0.6 


9.7 ± 0.4 


1 <V v 

u - iy -0.13 


6.90!°;!° 


^ ^4-0 8 

5.918;? 


8.1 ± 0.4 


_ . _4-0 1 5 

o-i3l8:!s 


40.5l^ 7 


MACSJ0429.6-0253 


1.12 


cr 4+0.4 


23.1 ±0.6 


51 + 010 


7.02l°;!° 


6-8l : D 


9.2 ± 0.4 


0.3918;!* 


47.611'i 


RXJ0439. 0+0715 


1.14 


°-°-0.3 


15.7 ±0.3 


0.38l°;° 7 


7 iq+ n - 09 

' - iy -o.io 


4_n 4 
°- D _0.4 


8.7 ±0.2 


4-0 1 1 

o.28l8;! 


1 Q 9 

40.21 3 ; 2 


RXJ0439+0520 


0.94 


„ o -|-0 2 

3.8_ ; 2 


8.4 ±0.4 


^ _ „_l-0 1 d 

o-56±8:ll 


„ . „4_o nA 
°-^°-0.06 


3.8l8;i 


3.0 ±0.3 


„ _i_0 96 
U " 3O -0.22 


13.2l!;8 


MACSJ0451.9+0006 


0.97 


_ „4_0 X 

°-°-0.8 


15.1 ±0.8 


^ „ - 4-11 9^ 

U,,:>O -0.18 


„ „. |_fl 9'-i 

6.87l°; 23 


, ,4-1 O 

4,5 -0.7 


10.9 ±0.8 


^ . , 4-0 '^9 

0.4418; 32 


32.9l°| 


A521 


1.18 


1- 1 -1-0 2 
°- 1 -0.2 


13.9 ± 0.3 


„ ,^4-0 07 
0- 42 l0.07 


. „ „ _4_0 (if, 

10.56!°;°^ 


_ -,-1-0 9 

5.o!8;^ 


12.2 ± 0.2 


„ Jf ,4-0 OX 

o.43l8°i 


53.ll!;8 


A520 


1.31 


_i_n 
1 • 1 -0.2 


17.6 ±0.2 


4_n nd. 

o- 4 2l°,:o1 


4_n n r i 

ii.nl°;°7 


_ 4_n ^ 
' - z -0.3 


14.2 ±0.1 


4-D n". 
u -^°-0.05 


4-9 O 

8O.0I38 


MS0451.6-0305 


1.11 


fi 7+O.6 
°-'-0.5 


39.9 ± 1.4 


0-551°;^ 


12.08±g-i| 


4-0 7 

6 6+ 
°-°-0.6 


28.8 ± 1.2 


o.33l8;!8 


80-ll?'i 


CLJ0522-3625 


0.77 


Q Q+0.9 

3^-0.8 


3.1 ±0.3 


no+ 0,27 


z '^°-0.14 


4+O.9 
°' 4 -0.8 


2.3 ±0.3 


00+°' lfi 
u - uu -o.oo 


s-2l?:8 


CLJ0542.8-4100 


0.90 




9.9 ±0.4 


„ in 1 k 

cosies 


^• y ^_0.08 


6 2 + 
°' z -0.9 


7.5 ± 0.4 


1 Qt^ u - ±y 
U-lo_o.l3 


30.7I4* 
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0.8418; 23 


40.l! 3 ;8 


MACSJ0744.9+3927 


1.04 


-l-O 4 

' -°-0.4 
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12.3 ±0.3 
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o.28l8:l 


5 20+O.O8 
d ' za -0.07 
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07 
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18 
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0.2318 


19 

18 
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4.4 ±0.3 


o.i8l8:l 6 


9 co+0.04 


49+O.9 
4 - Z -0.6 


3.0 ±0.3 


0.1018 


21 
10 


11 2+ 2 ' 3 


MACSJ2129.4-0741 


1 


12 


9 4+1-3 
a - -1.0 


36.2 ± 1.3 


30+ 016 

u - ou -0.16 


10-5818.1? 


04+I.3 


21.0 ± 1.0 


0.4018 


22 
21 


00 c + 13.7 

»«.a_i3.i 


RXJ2129. 6+0005 


1 


20 


5 6+°' 3 

d -"-0.3 


20.2 ±0.5 
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8.02I8.I 4 


7Q+0.9 
'• u -0.7 


9.7 ±0.4 


0.4018 


19 
18 


56.3l 7 1 


A2409 


1 


16 
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10.6 ±0.2 


46+ 09 
u -*°-0.08 


6.4218:87 


5 7+0.4 
°- '-0.4 


6.3 ±0.2 


0.3218 


12 
11 


36.5+25 


MACSJ2228.5+2036 


1 


23 


7 7+O.6 
'■'-0.6 


29.9 ±0.7 


40+° 10 
u '^ u -0.10 


12.58l8: 2 ° 


7 5+O.8 
'•°-0.7 


20.8 ±0.6 


0.411 9 


13 

13 


94.5181 


MACSJ2229.7-2755 


1 


06 


4 n+0.3 
^• z -0.2 


19.5 ±0.6 
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5 9+O.8 
°' a -0.8 


6.9 ±0.3 


0.2518 


18 

17 


34.6l 4 4 1 


MACSJ2245.0+2637 


1 


04 


5 1+0.3 


16.5 ±0.5 


0.6818;! 3 


5-6218:^ 


5 3+O.7 


6.9 ±0.4 


0.621U 


23 
21 


29.6I2' 9 
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r < gsgg (0.15 < r < l)R 5m 



Cluster R 500 kT L x Z M gas kT L x Z Y x 

(Mpc) (kcV) (10 44 erg s- 1 ) (Z ) (1O 13 M ) (keV) (10 44 erg s" 1 ) (Z ) (1O 13 M keV) 

RXJ2247+0337 0.62 2.2±g;| 0.3 ±0.1 0.48±^ 0.601^03 2 - 2 to.5 0.2 ±0.1 0.35±g;|g l-3to.| 

AS1063 1.42 11-lto'J 43.2 ±0.6 0.08±°;°6 i2.11±°;°| 10.4±j 16.4 ± 0.4 0.13^;" 126.5j[jg;£ 

CLJ2302.8+0844 0.73 5.0±q " 4.7 ±0.3 Omto.ol 2 .6lt°'o5 4.9tjg 3.3 ± 0.3 O.Mj^ol l^ty 

A2631 1.22 6.5t°'g 17.9 ± 0.6 0.44i°;J 3 9.9ll°;^ 6.5t°'g 13.5 ± 0.5 0.43t° 64.lj;{j;£ 



